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NUMBERS OF 1.60 TO 2.5O* 
.- . . . ,  

By  James D. Church 

SUMMARY C k  
r : f i  
"\ 

An  investigation  has  been  conducted  at  the  Langley  Unitary  Plan 
wind  tunnel  of  the  drag  and  the  static  longitudinal  and  lateral  stabil- 
ity  and  control  characteristics of a 4 2 O  swept-wing  fighter-airplane 
model.  Data  were  obtained  at  Mach  numbers  of 1.60, 1.90, 2.20, and 2.50 

at a Reynolds  number  of  approximately 2.1 x 10 per  foot, or 1.4 x 10 
based  on  mean  aerodynamic  chord.  Effectiveness  of  both  longitudinal  and 
lateral  controls  and  the  effects  of  model-component  breakdown  are  pre- 
sented.  Changes  in  drag  at  zero  lift  caused  by  fixing  transition  and 
increasing  Reynolds  number  were  almost  negligible.  The  complete  model 
incorporating  ventral  fins  was  statically  stable  both  longitudinally  and 
directionally  at  all  Mach  numbers  for  angles  of  attack  up  to 1-9'. The 
effects  on  static  stability  of  adding  various  external  stores  and a 
speed  brake  were  relatively  minor.  Addition or extension of three  semi- 
submerged  missiles  to  the  basic  configuration  progressively  decreased 
the  directional  stability  of  the  model.  Body-mounted  strakes  improved 
the  model  directional  stability  at  moderate  and  high  angles  of  attack. 

6 6 

INTRODUCTION 

As a part  of a continuing  effort  by  the  National  Advisory  Committee 
for  Aeronautics  to  determine  supersonic  aerodynamic  characteristics of 
various  aircraft, an investigation of the  drag,  static  stability,  and 
control  characteristics of a 42O swept-wing  fighter-airplane  model  was 
conducted  in  the  Langley  Unitary Plan wind  tunnel.  The  data  were 

* Title,  Unclassified. 
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obtained  at  Mach  numbers  of 1.60, 1.90, 2.20, and 2.50 for  angles  of 
attack  from -8O to 21' and  for  angles  of  sideslip  from -6O to 10'. 

Included  in  the  basic  data  are some effects  of  transition,  Reynolds 
number,  model-component  breakdown,  and  model  modification.  The  analysis 
consists  of a brief  evaluation  of  the  drag  and  the  longitudinal  and 
lateral  stability  and  control  characteristics  of  the  model. 

COEFFICIENTS AM> SYMBOLS 

A l l  data  are  referred  to  the  stability  system  of  axes  illustrated 
in figure 1. Moment  coefficients  are  taken  about  an  assumed  center  of 
gravity 

b 

CL 

cD, c 

CD 

Cm 

Cl 

Cn 

CY 

cLa 

cz13 

located  at  the 0.25 chord  of  the  mean  aerodynamic  chord. 

wing  span,  in. 

lift  coefficient, %/qs 

FAC 
cos a 

balance-chamber  drag  coefficient, 
qs 

drag  coefficient  adjusted  to  zero  chamber  drag  coefficient, 
F; -  FA^ COS a 

ss 

pitching-moment  coefficient,  Mys/qSs 

rolling-moment  coefficient, MXs /qSb 

yawing-moment  coefficient, Mzs/ qSb 

side-force  coefficient, Fy/qS 

stabilizer  effectiveness, (&&it) CL=O 

effective-dihedral  parameter, (X2 /43) p=*5~  unless  other- 

wise  noted 
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directional-stability  parameter,  (nCn/L@) p=*50 unless  other- 

wise  noted 

side-force  slope  parameter, ( L X ~ / L @ )  p=*50 unless  otherwise 

noted 

aileron  effectiveness, (ac 2 /  aSa)a=oo 

wing  mean  aerodynamic  chord,  in. 

force  along  Zs-axis,  lb 

balance-chamber  axial  force,  lb 

force  along  Xs-axis,  lb 

force  along  Ys-axis,  lb 

wing  incidence  referred to fuselage  reference  line,  deg 

stabilizer  incidence  angle  referred  to  fuselage  reference 
line,  deg 

lift-drag  ratio 

free-stream  Mach  number 

moment  about  Ys-axis,  in-lb 

moment  about  Xs-axis,  in-lb 

moment  about  Zs-axis,  in-lb 

free-stream  stagnation  pressure,  lb/sq  in.  abs 

free-stream  dynamic  pressure,  lb/sq ft 

Reynolds  number 

wing  area  including  body  intercept, sq ft 

.. . 
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x/E static  margin  in  percent E ,  (- 5) x 100 
c,=o 

U angle  of  attack  referred to fuselage  reference  line,  deg 

P angle  of  sideslip  referred  to  fuselage  center  line,  deg 

a increment 

6a differential  deflection  of  both  ailerons  perpendicular  to  hinge 
' line,  deg  (positive  when  right  aileron  down  and  left  aileron 

UP ) 

6 s  spoiler  deflection  perpendicular  to  hinge  line,  deg  (located 
on  upper  right  wing  only) 

Subscripts: 

S refers  to  the  stability  axis 

0 denotes  value  of  parameter  at  zero  lift  coefficient 

MODEL DESIGNATION 

Components: 

B basic  body  with  indentations  for  three  semisubmerged  missiles 

so,Sl,S2,S3 externally  mounted  missiles 
Subscript:  Position  of  missile: 

0 A l l  missiles  removed 
1 A l l  missiles  semisubmerged 
2 Right  and  center  missiles  extended  and  left  missile 

3 A l l  missiles  extended 
semisubmerged  (when  looking  downstream) 

w wing  with  outer-panel  leading-edge  chord-extensions; i, = -1' 

v vertical  stabilizer  and  dorsal  fin 

H all-movable  horizontal  stabilizer 

F ventral  fins 
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Modifications: 

D notched  speed o r  dive  brake 

P three  externally  mounted  packs  housing  six  missiles 

R rocket  engine  housing 

S body  strakes 

T two  external  fuel  tanks 

The  basic  configuration  for  these  tests  was BSIWVHF; hence  com- 
ponent  breakdown  is  indicated  by  the  absence  of any of  these  symbols. 
A l l  modifications  are  indicated  by a plus  sign;  for  example, B s l W  + S 
denotes  wing-body  combination  with  strakes  mounted. 

MODEL AND APPARATUS 

The  tests  were  conducted  in  the  low  Mach  number  test  section  of  the 
Langley  Unitary  Plan  wind  tunnel.  This  tunnel  is  of  the  variable-pressure, 
return-flow  type  with a test  section  measuring 4 feet  square  and  approxi- 
mately 7 feet  in  length.  Mach  number may be  varied  continuously  from 
approximately 1.5 to 2.9 by  means  of  an  asymmetric  sliding-block  nozzle. 

Details  of  the  model  are  shown  in  figure 2 and  its  geometric  charac- 
teristics  are  given  in  table I. Photographs  of  the  basic  model  and  the 
various  model  modifications  are  presented  in  figure 3 .  Since  the  model 
was  too small to  incorporate  the  ducting  necessary  for  internal  flow, 
the  fuselage  nose  was  extended  to  fair  over  the  airplane  underslung  nose 
inlet.  The  fuselage  cross  section  varied from a pear  shape  near  the 
nose  to a rectangle  with  rounded  corners  near  the  wing  and  ended  in  an 
elliptical  afterbody.  Considered  to  be a part  of  the  basic  fuselage 
were  three  semisubmerged  missile  models  having  inline  cruciform  wing  and 
tail  arrangements. 

A 42' sweptback  wing  with  outboard-panel  leading-edge  chord- 
extensions  was  mounted  high  on  the  fuselage  (0.255  was 1.10 inches  above 
fuselage  reference  line).  This  wing  had an aspect  ratio  of 3.55, a taper 
ratio  of 0.227, a dihedral  angle  of - 5 O ,  and  incidence  of - l o .  A l l  the 
empennage  surfaces  were  swept  back 45' and  consisted of the  following: 
a conventional  vertical  tail, a rearward-mounted  all-movable  horizontal 
stabilizer  located 0.26 inch  below  the  fuselage  reference'line,  and  two. 
ventral  fins  mounted  beneath  the body at a dihedral  angle  of -TO0. 
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For  purposes  of  identification  only,  combinations of the  preceding 
items,  including  extension of the three missi le  models, are r e f e r r e d   t o  
herein  as model-component breakdown. (See  section on  "Model Designation.") 
On the other hand, the  components described  in  the  following  paragraph 
w i l l  be t rea ted  as model modifications inasmuch as they were primarily 
t e s t ed ' a s   add i t ions   t o  the basi,?, model configuration. 

Two of the  items in  the  modification  category were the  missi le ,packs 
and the  fuel   tanks.  (See f i g .  2( c)  .) These  components were essent ia l ly  
groups of special   purpose  stores  externally mounted on the  fuselage. 
Another special  item was the  fa i r ing  a long  the upper  rearward  portion of 
the  fuselage  for  housing a rocket  engine.  (See  fig.  2(a) .) A more  con- 
ventional  modification was the  addition  of a 60° deflected,  notched speed 
brake  underneath  the body. The remaining component in   the  modif icat ion 
category was the  addition of strakes to   t he   fu se l age  as shown i n   f i g -  
ure  2(a) . These devices  consisted of thin  s t r ips   extending  a long  the 
body from the nose t o   t h e  wing root  chord. The strake plan form was a 
constant width (10 percent of the maximum equivalent body diameter) 
except  in the immediate v i c in i ty  of the  nose where it was faired t o  zero 
width. 

Model controls t h a t  were investigated  included  deflections of the 
hor izonta l   s tab i l izer ,  one inboard  trail ing-edge  aileron, and two simu- 
la ted  ( long and shor t )  upper-wing-surface  spoilers.  (See  fig.  2(b).) 

Forces  and moments for   the model were measured by means of a six- 
component internal  strain-gage  balance. This balance was attached, by 
means of  a sting,  to  the  tunnel  central  support  system.  Included  in  the 
model support  system was a remotely  operated,  adjustable  angle  coupling 
that  permitted tests t o  be made a t  various  angles of attack  simultan- 
eously w i t h  var ia t ions  in   the  angle  of s ides l ip .  

TESTS 

Tests were made for   a l l   confi   urat ions  through an angle-of-attack 
range from approximately -8' t o  21 a t  angles of s ides l ip  of about 0' 
and k 5 O .  A t  angles of a t tack  of approximately Oo, loo, and l5O, addi- 
t i o n a l   t e s t s  were conducted on the  basic  configuration  for  an  angle-of- 
sideslip  range from about -6' t o  10' t o  check l i n e a r i t y   ( t o  determine  the 
va l id i ty  of the  increment rngthod of eva lua t ing   t he   s t a t i c   l a t e ra l  stabil- 
i t y   c h a r a c t e r i s t i c s ) .  All basic model tests were made w i t h  a zero  stabi-  
l i ze r   de f l ec t ion .  The tests which were t o  determine  stabil izer  effective- 
ness   ut i l ized  def lect ions of approximately -8O, -12', -lgO, and -29'. 
In  addition,  the -12O and - 2 9 O  se t t ings  were employed to   eva lua te   the  
e f f ec t  of s tab i l izer   def lec t ion  on t h e   s t a t i c   l a t e r a l   s t a b i l i t y .  Various 

8 
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combinations  of a i leron and long- and short-spoiler  deflections were 
tested  during  the  lateral-control  studies up t o  maximum values of 
6, = -40' and 6, = -45'. 

i 
1 The tes t   condi t ions of  Mach number, stagnation and dynamic pressure, 1; and  Reynolds number are l is ted  in   the  fol lowing  table:  

b 

M R ?  9, P? 
lb / sq   in .  abs lb/sq f t  per f t  R (based on E )  

1.60 

1.30 2.04 44 8 12.2 2.50 

1.40 2.19  477 10.5 2.20 

1.40 2.19 496 9 -1 1.90 
1.40 x lo6 2.19 x lo6 499 8.2 

, 

Stagnation  temperature w a s  maintained a t  125' F fo r  a l l  Mach numbers 
except 2.50 where it was 155O F. 

Several  additional tests were made to   a sce r t a in   t he   e f f ec t  of 
Reynolds number  on drag. These tests were conducted near  zero lift at  
a Reynolds number of 5.25 x 10 per  foot and a l so  a t  a higher  value of 

R t h a t  was dependent on  power l imitations ( m a x i m u m  of 9.7 x 10 6 per 
foc t  a t  M = 2.20). 

6 

In  order  to  determine  the  effect   of  transit ion on the  aerodynamic 
character is t ics ,  some p i t c h   t e s t s  were made with  the  t ransi t ion  f ixed 
on the  model. For this  condition, a t r a n s i t i o n   s t r i p  w a s  placed around 
the  fuselage 2 inches t o   t h e   r e a r  of the  nose and along  the  10-percent- 
chord l i n e  of  the wing  on the  upper  and  lower surfaces. The s t r i p s  
were 1/4 inch wide and consisted of No. 180 carborundun  grains imbedded 
in  shellac  with  approximately 50 grains  per 1/4 inch of t h e   s t r i p .  

CORRECTIONS AND ACCURACY 

The tunnel, as yet,  has  not  been  completely  calibrated, and  any 
flow angular i ty   that  may exist  i n   t h e  tes t  section  has  not  been  deter- 

mined and are suf f ic ien t ly  small so  as not t o  induce  any buoyancy ef fec ts  
on the  model. 

3Y mined. Pressure  gradients  in  the  region of ' the model have  been  deter- 

, 

I 
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All angles  of  attack,  sideslip,  and  stabilizer  settings  have  been 
corrected  for  deflection  under  static  load  conditions. 

The  balance-chamber  drag  of  the  model  is  defined  herein  as  that 
force  resulting  from  the  pressure  acting  over  the  cavity  area  at  the 
rear  of  the  model (91 percent of the  model  base  area).  Values  of  this 
force  were  obtained  for  all  test  points  and  have  been  subtracted  out  of 
all  drag  results. 

The  accuracy  of  the  presented  data  based  on  balance  calibration, 
repeatability  of  the  data,  and  tunnel  calibration.is  estimated  to  be 
within  the  following  limits: 

M .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a, p,  and it, deg . . . . . . . . . . . . . . . . . . . . .  
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

fO .015 
fO .1 

f o  .005 
kO.001 
*O .005 

f o  .0005 

fO .002 
i o .  002 

PRESENTATION  OF  RESULTS 

The  results  of  this  investigation  are  presented  in  the  following 
figures : 

Figure 
Typical  schlieren  photographs . . . . . . . . . . . . . . . . .  4 
Typical  variation  of  balance-chamber  drag  coefficient  with 

Effect  of  transition  on  aerodynamic  characteristics  in  pitch; 

Effect of Reynolds  number  on  zero-lift  drag  for  natural  and 

angle  of  attack; p = 0' . . . . . . . . . . . . . . . . . . .  5 

p = o  0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

fixed  transition . . . . . . . . . . . . . . . . . . . . . .  7 

Pitch  tests: 
Effect  of  model-component  breakdown  on  aerodynamic  charac- 

Effect  of  missiles  on  aerodynamic  characteristics 

Effect  of  horizontal  stabilizer  incidence  on  aerodynamic 

teristics  in  pitch . . . . . . . . . . . . . . . . . . . .  8 

in  pitch . . . . . . . . . . . . . . . . . . . . . . . . .  9 

characteristics  in  pitch; BSIWVRF; j3 = 0' . . . . . . . . .  10 
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Figure 
Effect  of  some  of  the  model  modifications  on  aerodynamic 

Effect  of  speed  brake  on  aerodynamic  characteristics 

Effect  of  strakes  on  aerodynamic  characteristics  in  pitch; 

Effect  of  separate  deflections  of  aileron  and  long  and 

characteristics  in  pitch . . . . . . . . . . . . . . . . . .  
in  pitch . . . . . . . . . . . . . . . . . . . . . . . . . .  
p = o o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BS1WVHF; p = 0' . . . . . . . . . . . . . . . . . . . . . .  

BS1WVHF; p = 0' . . . . . . . . . . . . . . . . . . . . . .  

short  spoilers  on  aerodynamic  characteristics  in  pitch; 

Effect  of  combined  deflections  of  aileron  and  long  and 
short  spoilers  on  aerodynamic  characteristics  in  pitch; 

Effect  of  tails  on  the  aerodynamic  characteristics  in  pitch 
of a combined  spoiler  and  aileron  deflection; 6, = -400; 
&,(long) = -45O; p = O 0 . . . . . . . . . . . . . . . . . .  

Sideslip  tests : 
Effect  of  model-component  breakdown  on  aerodynamic  charac- 

Effect  of  combined  deflection  of  aileron  and  long  and  short 
teristics  in  sideslip . . . . . . . . . . . . . . . . . . .  
spoilers  on  aerodynamic  characteristics  in  sideslip; 
BSlWVHF . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stability  tests: 
Effect of model-component  breakdown  on  the  variation of the 
static  lateral  stability  parameters  with  angle  of 
attack . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect  of  missiles  on  the  variation  of  the  static  lateral 

Effect  of  horizontal  stabilizer  incidence  on  the  variation  of 
stability  parameters  with  angle  of  attack . . . . . . . . .  

attack; BSIWVHF . . . . . . . . . . . . . . . . . . . . . .  the  static  lateral  stability  parameters  with  angle  of 

Effect  of  some  of  the  model  modifications  on  the  variation  of 
the  static  lateral  stability  parameters  with  angle  of 
attack . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect  of  speed  brake  on  the  variation  of  the  static  lateral 

Effect  of  strakes  on  the  variation  of  the  static  lateral 
stability  parameters  with  angle  of  attack . . . . . . . . .  
stability  parameters  with  angle  of  attack . . . . . . . . .  

summary plots: 
Variation  of  lift-curve  slope  and  static  margin  with  Mach 

Variation  of  drag  due  to  lift  and  drag  at  zero  lift  with  Mach 

Variation of zero  lift-drag  increment  and  stabilizer  effec- 

number; p = 0 0 . .  . . . . . . . . . . . . . . . . . . . . .  
number; p = Oo . . . . . . . . . . . . . . . . . . . . . . . . .  
tiveness  with  Mach  number; p = 00 . . . . . . . . . . . . . .  
e 

11 

12 

13 

14 

15 

16 

1-7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
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Figure 
Variation  of  trim  lift-drag  ratio,  lift  coefficient,  and 
stabilizer  incidence  angle  for  trim  with  Mach  number; 
BSlWVHF; p = 0' . . . . . . . . . . . . . . . . . . . . . .  
directional  stability  parameter  with  Mach  number; 
u = Oo and l5O . . . . . . . . . . . . . . . . . . . . . . . .  29 

Variation  of  lateral  control  effectiveness  with  Mach 
number; BSlWVHF . . . . . . . . . . . . . . . . . . . . . .  30 

28 
Effect  of  model-component  breakdown  on  the  variation  of  the 

DISCUSSION 

The  results  have  been  presented  in  the  form  of  basic  and summary 
data  curves.  Some  pertinent  observations  regarding  these  data,  espec- 
ially  for  the  results  contained  in  figures 24 to 29, are  presented  in 
this  section. 

Performance 

For evaluation  purposes,  drag  will  be  treated  in  three  parts,  namely, 
zero-lift  drag,  drag  due  to  lift,  and  drag  due to trim. 

The CD, level  for  the  basic  model  of 0.0300 to 0.0320 (fig. 26(b)) 

is  relatively  unaffected  by  fixing  transition  and  increasing  Reynolds 

number  to 9.7 x 10 per  foot (6.2 x 10 based  on E )  since  these  effects 
are  nearly  within  balance  accuracy  (figs. 6 and 7). In  addition,  it  is 
felt  that  any  changes  in  this  level  that  would  result  from  incorporating 
a well-designed  nose  inlet  should  be  relatively  minor.  Although  lower 
drag  levels  have  been  obtained  on  some  research  models,  experience  with 
models  of  complete  airplane  configurations  would  indicate  that  this 

level  appears  reasonable  for  models  of  airplanes  designed  to  operate  in 
this  speed  range. 

6 6 

cDO 

At M = 1.47, a Mach  line  would  become  coincident  with  the  leading 
edge  of  the  plan  form  investigated.  Hence,  no  leading-edge  suction  is 
theoretically  available for reducing  drag  due to lift  as  the  Mach  line 
is  swept  aft  of  the  wing  leading  edge  at  all  tested  speeds.  Some  suction 
appears  to  exist,  however,  for  the  results  of  figure 26(a) show  that  the 
test  values  of E D / C L ~  were  slightly  lower  than  the  zero-suction  curve 
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The ef fec t  of drag due t o  t r i m  i s  indicated by the  comparison  of 
trimmed and untrimmed (it = O o )  curves  of (L/D)max i l l u s t r a t e d   i n   f i g -  
ure  28. The L/D loss due t o  t r i m  was about  0.7 t o  1.0 over  the  speed 
range and is  of the  order  frequently  encountered when a conventional 
rearward-mounted all-movable s t ab i l i ze r  i s  u t i l i zed  as the  trimming 
device. 

Despite  the L/D loss  due t o  t r i m ,  noteworthy features  of the  
tes ted  geometry were the   re la t ive ly  f la t  var ia t ion of L/D of  about 4 
with Mach number and the  less than 30 percent L/D loss (from  the maxi- 
mum available)  incurred by trimming a t  CL values as low as 0.10. 

Longitudinal  Stabil i ty 

The  model exhibited stable s ta t ic   longi tudina l   charac te r i s t ics  
throughout  the  tested  range of l i f t  coeff ic ients  and Mach numbers ( f i g .  8 ) .  
In   fac t ,   the  wing-body combination (BS1W) and the  complete model (BS1WVHF) 
had minimum values of s t a t i c  margin  of 13 and 35 percent E, respectively,  
about  the assumed center-of-gravity  location of O.2y   ( f ig .   25(b)  ) . Longi- 
tud ina l   s tab i l i ty  changes resu l t ing  from most of the  various model modifi- 
cations  tested (D,  P, R,  and T) were r e l a t ive ly  small ( f i g s .  11 and 12) . 

Deflection  of  the  all-movable  horizontal  stabilizer  produced  linear 
increments in   p i tch ing  moment over a wide range  of l i f t  coeff ic ients  a t  
a l l  Mach numbers and for   def lect ions up t o  approximately -20' ( f i g .  10).  
S tab i l i ze r  effectiveness,  although  exhibiting the characterist ic  decrease 
with Mach number, retained a value of -0.0055 a t  the maximum speed tes ted  
( f i g .  2703) 1 

Airplane  range  performance is  basically  determined by the L/D l eve l  
available;  therefore, any reduct ion  in  the drag due t o  t r i m  w i l l  benefi t  
the configuration. Inasmuch as the   s t ab i l i ze r  had suff ic ient   effect ive-  
ness, and since the complete  configuration  has  sufficient  static margin, 
an improvement i n  supersonic t r i m  ( L / D ) ~ =  can be obtained  by a rear- 
ward movement of  the  center  of  gravity. Data available from tests i n   t h e  
Langley  8-foot transonic  tunnel (ref. 1) on the  same model indicated  the 
f e a s i b i l i t y  of such a change, i n   t h a t   t h e  smallest value  of   s ta t ic  margin 
encountered was 16 percent  for Mach numbers as low as 0.8. 

Lateral S t a b i l i t y  

A l l  s t a t i c  lateral s t a b i l i t y  data except  those shown i n  figure 19 
were obtained by computing the  coefficient  increment between  angle-of- 
a t tack  runs made a t  p = k5'. The correlat ion between the  slope  (from 
f i g .  17) and increment method of determining  the  stabil i ty  parameters 
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i s  indicated  by  the  favorable comparison  of the curves and  symbols shown 
in   f i gu re  19. 

Figure 29 i l l u s t r a t e s   t h e   e f f e c t  of.mode1-component breakdown on 
the  variation  of  the  directional-stabil i ty  parameter C with Mach nun- 

ber   for  a = Oo and 13'. The body-alone results had the  customary unstable 
variation  with  angle of attack.  Addition of the wing t o   t h e  body, 
although  having l i t t l e  e f f ec t  at a = Oo, r e s u l t e d   i n  an even more unstable 
configuration a t  high  angles of a t tack.  This e f f ec t  can  be associated 
with w i n g s  mounted high on the  fuselage.  (See, f o r  example, r e f .  2.) 

% 

A t  0' angle  of  attack, the ve r t i ca l  t a i l  with i t s  large area con- 
t r ibu ted  a s u b s t a n t i a l   s t a b i l i t y  increment t o  the wing-body results and, 
in   addi t ion,   exhibi ted the characterist ic  decrease  with Mach number. 
However, the   d i rec t iona l   s tab i l i ty   cont r ibu ted  by the   ve r t i ca l  t a i l  a t  
a = l'jO was only  about  one-half  of  the LC produced a t  a c 00. 
Changes i n  C of the wing-body-tail  combination due to   add i t ion  of 

the ho r i zon ta l   s t ab i l i ze r  a t  e i ther   angle  of a t t ack  were qui te  small as 
might have been ant ic ipated.  

np 

In   o rde r   t o  examine the  powerful  effect of the vent ra l   f ins ,  it i s  
only  necessary t o  note   that   the  corqplete model minus ventrals  was unstable 
even a t  Oo angle  of  at tack  for a l l  Mach numbers larger than 1.90. On the 
other hand, the basic  m o d e l  incorporating the v e n t r a l   f i n s  was direct ion-  
a l l y   s t a b l e  at a l l  tested Mach numbers for   angles   of   a t tack as large 
as 1 9 O  ( f i g .  19(a)).  

The body alone had a negl igible  amount of e f fec t ive   d ihedra l   tha t  
was l i t t l e  affected by va r i a t ions   i n  either angle of a t tack   or  Mach  num- 
be r   ( f i g .  19).  Addition  of the wing and v e r t i c a l  t a i l  r e s u l t e d   i n  pro- 
gressive  increases   in  -Czp a t  a l l  Mach numbers and f o r  most angles of 

a t tack .  The e f f e c t  of  adding  the  horizontal   stabil izer was  a small 
decrease i n  the effective  dihedral   parameter  for  angles of a t t ack  of 
less   than  12O. Addition of the vent ra l   f ins   no t  only subs tan t ia l ly  
reduced  the  value of -CzB for  the  body-wing-vertical-stabilizer 

combination,  but a l s o   r e s u l t e d   i n  a basic  configuration  variation that 
was essentially  independent of angle of a t t ack  and Mach number. 

Most model modifications (D, P, R, and T) had l i t t l e  influence on 
the  value of C or  C z p  f o r  the basic  model. The tes t s   involv ing  

missi le  removal or   extension  ( f ig .  20), however, indicated that the 
addi t ion of three semisubmerged missiles and their subsequent  extension, 
progressively  decreased the d i r e c t i o n a l   s t a b i l i t y  of the bas ic  model at  
lower  angles  of  attack. It is of interest ,   therefore ,  that the  addi t ion 
of missile packs a t  the  same location on the  model as the  exterwlly 

nP 
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mounted missi les  had l i t t l e  e f f ec t  on the value of a t  any angle 
CnB 

I of a t tack  (f ig .  22). 

I Strakes 
I 

The last topic  to  be  discussed is  the  effect   of  body strakes on the 
aerodynamic charac te r i s t ics  of the model.  These tests were incorporated 
in to  the present program as a r e s u l t  of   recent   interest   ( refs .  2 and 3 )  
i n  t h i s  type of device  for improving d i r ec t iona l   s t ab i l i t y  a t  high angles 
of  at tack. 

i 

Figure, 24 i l l u s t r a t e s   t h e  improvement i n  C var ia t ions produced 
i 
1 

1 
by the strakes a t  angles of a t tack  larger   than 8' or 9' for   both  the 
wing-body combination and the complete or basic model. Approximately 
50 t o  80 percent of the  increase  in   basic  model s t a b i l i t y  was caused by 
the   e f f ec t  of  the  strakes on the C l eve l  of the wing-body combina- 

t ion,  the remainder  apparently  resulting from a s t rake improvement of 
the contribution of the   ver t ica l  tai l .  

In order t o  determine the u t i l i t y  of this type of device,   the  effect  
of strakes on the   longi tudina l   s tab i l i ty  must next  be examined. Figure 13 
indicates  tha t  the changes  caused by s t rakes  were s imi l a r   t o   t he   e f f ec t s  
produced by a canard, that is, t h e   s t a t i c   s t a b i l i t y  was slightly  decreased 
by the strakes a t  a l l  Mach numbers. A t  higher lift coeff ic ients ,  small 
addi t iona l   losses   in   s tab i l i ty   occur red  which increased w i t h  l i f t .  The 
e f f ec t  on l if t-curve  slope,  minimum drag, and drag due t o  l i f t  w a s  small. 
Thus, the inc identa l   e f fec ts  of the  s t rakes  on the  model pitch  charac- 
t e r i s t i c s  were not  extensive enough t o  preclude the use  of th i s  device 
t o  improve a t  moderate  and high angles of a t tack .  cnP 

CONCLUSIONS 

An investigation has been  condueted i n  the Langley  Unitary Plan 
wind tunnel of the drag and the   s ta t ic   longi tudina l  and l a t e r a l   s t a b i l i t y  
and control   character is t ics  of a 42O sweptback-wing fighter-airplane 
model with no internal  f low. Data were obtained at Mach numbers  of 1.60, 

1.90, 2.20, and 2.50 a t  a Reynolds number of  approximately  2.1 x 10 6 per 

foot  (1.4 x 10 6 based on  mean aerodynamic  chord) with the following 
r e s u l t s  : 

1. The basic  model exhibi ted  s table   s ta t ic   longi tudinal   character-  
i s t i c s  throughout the tested range of lift coeff ic ients  and Mach numbers. 
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2. The  complete  model  incorporating  ventral  fins  was  statically 
stable  directionally  at  all  Mach  numbers  for  angles  of  attack  up  to 19'. 

3.  Changes  in  the  longitudinal  and  lateral  stability  characteristics 
of  the  complete  model  resulting  from  the  addition  of  missile  packs;  speed 
brake,  rocket-engine  housing, or external  fuel  tanks  were  relatively  minor. 

4. Fixing  transition  and  increasing  Reynolds  number  to 9.7 x 10 6 per 
foot  did  not  have a significant  effect  on  the  value  of  drag  at  zero  lift 
which  was  about 0.0300 to 0.0320 over  the  Mach  number  range  tested. 

5. The  value  of  trim  maximum  lift-drag  ratio  of  approximately 4 was 
relatively  invariant  with  Mach  number  for  the  configuration. 

6. Addition or extension  of  three  semisubmerged  missiles  to  the 
basic  configuration  progressively  decreased  the  directional  stability 
of  the  model. 

7. Body-mounted  strakes  improved  the  directional  stability  of  the 
complete  model  at  moderate  and  high  angles  of  attack  without  severely 
altering  the  basic  pitch  characteristics. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field,  Va.,  October 14, 1957. 
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TABLE I 

GEOMFPAIC  CHARACTFRISTICS  OF TEE 42' SWEFTBACK-WING  FIGAPEX-AIRPLANE MODEL 

. water  line.  where WL 5.00 i s  model reference 

. fuselage  station.  where FS 0.00 is  1.06 inches  forward of nose 

. wing  station  measured  outboard  in  plane of wing 

. body  line  measured  outboard  and  perpendicular  to  plane of synrmetry 

Note:  WS 0.00 and BL 0.00 are  plane of spmetry 1 
Center-of-gravity  location: 
Longitudinal (L.E. of E). percent E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
Vertical. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WL 5.00 

Fuselage: 
.ngth. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.05 
Maximumwidth.in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.64 
Maximum depth.  in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.30 
Maximum  equivalent  diameter. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.09 
Frontal  area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0912 
Overall  fineness  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.81 
Side  area.  sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Volume.  cu ft 0.1978 

0.6915 

Base  annulus  area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0040 
Cavity  area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.OjgO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

wing: 
Loading.  lb/sq ft: 
Take-off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  03.3 

Landing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58.2 

Theoretical 1.1250 
Exposed 0.9750 

Root  chord (WS and EL 0.00): 
Projected  span. i n  23.97 

Length.  in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.02 
Location  (L.E.),  in . . 
Longitudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 1 5 . 9  

Tip  chord (WS 12.04 or E& ll .98), in  2.50 
Vertical 6.39 

Mean  aercdynamic  chord  (excluding  L.E.  chord-extensions) : 
Length. in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.65 
Location (L.E.), in . . 
Longitudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 20.64 
Lateral WS 4.73 
Vertical VL 6.1% 

Aspect  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.55 
Taper  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.227 
Sweepback of quarter-chord  line.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 
Dihedral.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incidence.  deg 

-5 

Geomtric twist.  deg 
-1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Airfoil  (parallel  to  plane of symmetry): 

Tip  NAcA6511004 
Root  HACA6511005 

Combat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68.0 

Projected  area  (excluding  L.E.  chord-extensions).  sq ft: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chord-extension  (portion  ahead of basic  wing  plan form): 

Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Double  angled.  leading  edge 
Projected  area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01% 

Location: 
Projected  span.  sq ft 4.52 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lateral.  in . : 
Inboardedge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WS7.50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chord. in . : Outboardedge WSl2.04 

Outboard  edge (0.12~) 0.30 
Inbmrd edge (0.12~) 0.68 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aileron  (each) : 
Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PLain. sealed 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0571 
span.  in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.61 

Deflection.  deg 
Sweepback of hinge line. deg 25.4 

Location: 
f20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Longitudinal  hinge  center line. percent  chord: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Outboardedge 74.3 
Inboardedge 76.1 

Lateral,  in.': 
Inboardedge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WS2.95 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Outboard  edge WS 7.56 

Outboa-dedge 1.54 
Inboardedge 2.03 

Chord. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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T*BLE I.- conc1Vded 

OEDIDPlRIC WETICS IX 'E% 42O C W K P l W C K "  P " N R H A l U  BCB E 

spoilus: 
Typ= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ... : . . . . . . .  "PS- 

mort 

Area, s q i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  
span,in 4.47 

0.0219  0.0128 
2.68 

Denectio0, deg 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback of hinge line, deg . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  
Loeatio0: 

25.4 
0 to 45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W t W  hinge center line, pcrcent chm-d: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Out" 54.4 
Inboardedge 64.2 60.3 

54.4 

Inbuvd edge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  YS 2.95 vs 4.74 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lateral, in . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chord, in . . mt- edge VS 7.42 YS 7.42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Outboardedge 0.64 
"e 0.77 0.72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.64 

Horizontal stabilizer (all movable): 
Area s q i t :  

&sed (Cr a t  EL 1.65) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1918 
Theoretical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3250 

span i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.80 
R&t chord (EL 0.00): 

Length in:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.36 

Langit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS29.15 

Tip chm-d (EL 6.40), in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.95 
Wan seroaynsmic chord: 
Length in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.32 

L @ t W  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 32.07 
vert ical  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m 4.74 
lateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EL2.41 

A.pe=tratlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.50 
~ a p e r ~ a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.15 

Dihedral, deg 
Sweepback of  quarter-chord line, deg 

Geametric tvist, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil: 

r,o -ti& (L.E.),  i n  . . 
vert ical  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m4.74  

L-tiL (L.E.), in . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

~oot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .~*6.004 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tail length  (0.25kng  to  0.25Sbz. in  10.60 

Tip H n c A 6 ~  

Hinge Line, percent S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

vert ical  tail: 
Area sq it: 

&sed (C, at WL 6.65) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1627 . " ..  
Theoretical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2725 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Root chord (EL 0.00): 
span,in 7.51 

Length in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.18 
rmattb, (L.E.),  i n  . . 

Lmgltudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 26.57 
vertical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WL 4.74 

Tip chord (WL L2.25), in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.28 
Man seroaynamic chord: 

Length in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.78 Iacatih (L.E.), in . . 
L ~ i t  udinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fsw.22 
Vertical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  WL7.79 

Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.44 
Taperrat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.278 
Sweepback of quarter-chord l ine, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Airroil: 
Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ C * ~ 0 0 5  

Tail length (0.25" to   0 .25Sbil) ,  in : 9.11 
Tip .C*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ventral m: 
Area(-sed). s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Span.in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root  chord: 

Length in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m a t i &  (L .E . ) ,  i n  . . 
lanpitUaJna1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vertical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tipehord, in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hean aerodynamic chord: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Locatih, (L .E . ) ,  i n  . . Length i n  

Longitudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vertical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aspectnvtio 
Taperrat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback of quarter-chord line, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incidehce.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.0615 
3.41 

3.92 

FS 27.m 
3.09 
1.28 

2.82 

PS 29.27 
YL 1.75 
EL 1.50 

1.31 
0.327 

45 
-70 

0 
Airfoil: 
Root . . . . .  ....................................................... . 4 

Tail l e n g t h   ( 0 . 2 5 k l r i n g   t o   0 . 2 5 h t .  fin), i n  7.42 
Tip ..3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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RELATIVE WIND 

X 

RELATIVE WIND 

i 
Z S  

Figure 1.- S t a b i l i t y  system  of  axes. Arrows indicate  direction  of 
positive forces, moments, and angles. 



Missiles in extended position 

I I I 
FS 1.06 FSII . I I  FS 22.55 FS 37.11 

FS 13.63 Moment  Center (256 

Rocket Engine Housing 

E a * 
(a) Three-view drawing. 
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I I ' 

Right Wing 

(b) Aileron and spoilers. 

Figure 2.- Continued. 

Section A A  



FS 17.70 
Moment Center (.25E) 

FS 30.25 

(c) External missile packs and fuel  t a n k s .  

Figure 2.- Concluded. 
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(a) Basic model. L-97106 

Figure 3. - Photographs of the model. 

I 





(c )  Basic model with three missiles  extended. L-57-857 

Figure 3 . -  Continued. 



(d) Basic model with speed  brake  extended. L-57-859 

Figure 3 .  - Continued. 



( e )  Basic model with external   fuel  tanks. L-57-858 

Figure 3 .  - Continued. 



(f) Basic model with  three  external  missile packs. L-37-860 

Figure 3 . -  Continued. 



(g)  Basic model with  strakes  installed. L-57-855 

Figure 3 . -  Concluded. 
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a=-Z9" a=-7.6" 

a= 1.6" a =  1.8" 

a -  8.0" a = 9.0" 

a =21.2" 

(a) M = 1.60. 

a ~21.4" 

(b) M = 1.9. 

Figure 4.- Typical schlieren photographs. 
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a=-7.1" a 2-7.8" 

a = 2.3" a =  1.5" 

a = 9.5" 

a ~21.8" 

(c) M = 2.20. 

a = 8.7" 

a =21.0" 

Figure 4.- Concluded. 
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'D,c 

- 

Figure 5.- Typical  variation of balance-chamber drag coefficient  with 
angle of attack. p = Oo. 

I 



NACA RM L37KO1 

CL 

(a) M = 1.60. 

Figure 6.- Effect of transition on aerodynamic  characteristics in pitch. 
p = 00. 
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c 

(b) M = 1.90. 

Figure 6.- Continued. 
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CL 

. ( c )  M = 2.20. 

Figure 6 .  - Concluded. 

33 

'D 
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C 
DC 

C 
DO 

NACA RM ~ 5 7 ~ 0 1  

IO' 
R," I 

Figure 7.- Effect of Reynolds number on zero- l i f t  drag for natural  and 
fixed  trans it ion. 
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(a) M = 1.60; f3 = 0'. ... . . 

Figure 8.- Effect of model-component breakdown on aerodynamic 
characteristics in pitch. 
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(b )  M = 1.60; p = 5.0°. 

Figure 8. - Continued. 
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Figure 8.- Continued. 



NACA FM L’j’j’KO1 

(d) M = 1-90 ;  p = 5.0’. 

Figure 8. - Continued. 
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(e )  M = 2.20; p =.  00. 

Figure 8. - Continued. 



40 

(f) M = 2.20; p = 5.0’. 

Figure 8. - Continued. 
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(g) M = 2.50; p = 0'. 

Figure 8. - Continued. 



42 NACA RM ~ 5 7 ~ 0 1  

'D 

(h) M = 2.50; p = 5.0°. 

Figure 8.- Concluded. 

- 
"" I 
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(a) M = 1.60; p ='Oo. 

Figure 9.- Effect of missiles on aerodynamic character is t ics  i n  pitch.  

. .  
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CL 

( b )  M = 1.60; p = 5.0'. 

Figure 9.- Continued. 
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( c )  M = 1-90; p = 0'. 

Figure 9. - Continued. 
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(d) M = 1.90; p = 5.0'. 

Figure 9. - Continued. 



NACA ~ ~ ~ 5 7 ~ 0 1  

D 

CL 

(e)  M = .2.20; p = Oo. 

Figure 9.- Continued. 

47 
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CL 

(f) M = 2.20; p = 5.0~. 

Figure 9. - Concluded. 
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(a) M = 1.60. 

Figure 10.- Effect  of  horizontal  stabilizer  incidence on aerodynamic 
characteristics  in  pitch. BSIWVHF; p = Oo. 



C 

de 
a. 

( b )  M = 1.90. 

Figure 10. - Continued . 
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(c) M = 2'.20. 

Figure 10.- Continued. 



NACA RM ~57~01 

CL 

(d) M = 2.50. 

Figure 10.- Concluded. 
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(a) M = 1.60; p = 0'. 

Figure 11.- Effect  of some of the  mode1,modifications on aerodynamic 
chaxacter is t ics  i n  p i tch .  
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G 

( b )  M = 1.60; p = 5.0'. 

Figure 11.- Continued. 



NACA m ~ 5 7 ~ 0 1  55 

( c )  M = 1.90; p = Oo. 

Figure 11. - Continued . 
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(d) M = 1.90; j3 = 5.0'. 

Figure 11. - Continued . 
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(e) M = 2.20; j3 = Oo. 

Figure 11.- Continued. 
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(f) M = 2.20; p = 5.0'. 

Figure 11. - Continued. 
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59 NACA RM ~57~01 

(g) M = 2.50i-4 = oo. 

Figure 11. - Continued. 
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CL 

(h) M = 2.50; p = 5.0'. 

Figure 11. - Concluded. 
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61 

(a) M = 1.60; p = 0'. 

Figme 12.- Effect of speed  brake on aerodynamic character is t ics  in 
pitch.  

\ 
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(b) M = 1.60; p = 5.0'. 

Figure 12. - Continued. 
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';L 

( c )  M = 1.90; p = 0'. 

Figure 12.- Continued. 
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CL 

(d) M = 1.90; p = 5.0°. 

Figure 12.- Continued. 
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(1. 
de 

(e) .  M = 2.20; p = Oo. 

Figure 12. - Continued. 



66 ” NACA RM ~ 5 7 ~ 0 1  

% 

(f) M = 2.20; p = 5 . 0 ~ .  

Figure 12. - Concluded. 
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(a) M =  

Figure 13 . -  Effect of strakes on 
pitch. 

1.60. 

aerodynamic  characteristics in 
p = oo. 
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CL 

(b) M = 1.90. 

Figure 13. - Continued. 

""I I I I111 .. I 1.11 
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CL 

( c )  M = 2.20. 

Figure 13. - Concluded. 
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.02 

0 

-.02 

Cn 

4 
Q, deg 

(a) M = 1.60. 

Figure 14.- Effec t  of separate   def lect ions  of   a i leron and  long  and  short 
s p o i l e r s  on aerodynamic c h a r a c t e r i s t i c s  i n  p i tch .  BSlWVHF; p = Oo. 
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(a) Concluded. 

Figure 14 .'- Continued. 
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.02 

o Cn 

-.02 

4 

( b )  M = 1.90. 

Figure 14.- Continued. 
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CL 

(b )  Concluded. 

Figure 14. - Continued. 
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C 

0,  kg 

(c) M = 2.20. 

Figure 14.- Continued. 

.02 

0 ctl 

..02 
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(c) Concluded. 

Figure 14.- Concluded. 
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0 

-.02 

Cn 

(a) M = 1.60. 

Figure 15.- Effect of combined  deflections of aileron and long and short 
spoilers on aerodynamic characteristics in pitch. BSIWV”; p = Oo. 
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CL 

(a) Concluded. 

Figure 15.- Continued. 
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a, deg 

( b )  M = 1.90. 

Figure 15. - Continued. 
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.02 
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-.02 
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Cn 
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( b) Concluded. 

Figure 17.- Continued. 
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" 

( c )  M = 2.20. 

.02 

0 

..02 

Cn 

Figure 15. - Continued. 
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(d) M = 2.50. 

Figure 15. - C o n t i n u e d  . 
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( d)  Concluded. 

Figure 15.- Concluded. 
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.02 

0 

-.02 

4 

Cn 

( a )  M = 1.60. 

Figure 16.- Effect of the tai ls  on the aerodynamic character is t ics   in  
pi tch of a combined spoiler and aileron  deflection.  68 = -4OO; 
€Is( long) = -450; p = oo. 



NACA RM L57KO1 

( a) Concluded. 

Figure 16.- Continued. 
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a, deg 

(b) M = 1.90. 

Figure 16. - Continued. 

.02 

0 Cn 

..02 

4 
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CL 

(b) Concluded. 

Figure 16. - Continued. 
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(c) M = 2.20. 

Figure 16.- Continued. 
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C 

.04 

.02 

0 

-.02 

-.w 

(a) M = 1.60; CL = 0.5'. 

Figure 17.- Effect of  model-component  breakdown on aerodynamic  character- 
istic  in  sideslip. 
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a deg 

( a) Concluded. 

Figure 17. - Continued. ' 
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0 

c, 
-.02 

-.w 

P, deg 

( b )  M = 1.60; u = 10.9’. 

Figure 17. - Continued . 
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4 %  

(b) Concluded. 

Figure 17. - Continued. 
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C 

. (e )  M = 1.60; a = 16.1O. 

Figure 17.- Continued. 

-02 

0 Cn 

-.02 
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8, &g 

(c) Concluded. 

Figure 17. - Continued . 
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C 

P, deg 

(d) M = 1.90; u = 0.7'. 

Figure 17. - Continued. 
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.02 

0 

..02 

-.w 
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(d) Concluded. 

Figure 17.- Continued. 
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I 
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(e)  M = 1.90; a = 11.1'. 

Figure 17.- Continued. 
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m 
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-.02 

-.04 

c, 



NACA RM ~ 5 7 ~ 0 1  - 99 

( e) Concluded. 

Figure 17.- Continued. 
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P, kg 

(f) M = 1.90; a = 16.2O. 

Figure 17. - Continued. 
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:m 

cL 

deg 

( f ) Concluded. 

Figure 17. - Continued . 
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( g )  M = 2.20; u = 1.2O. 

Figure 17.- Continued. 
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-.02 
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)8 

34 

0 

co 

( g ) Concluded. 

Figure 17. - Continued. 
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.02 

0 

c, 
-.02 

-.w 

(h) M = 2.20; u = 11.60. 

Figure 17. - Continued. 
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(h) Concluded. 

Figure 17.- Continued. 
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B. deg 

(i) M = 2.20; a = 16.70. 

Figure 17.- Continued. 
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8.  &g 

( i) Concluded. 

Figure 17.- Continued. 

, .  
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C 

(j) M = 2.50; a = 0.7'. 

Figure 17. - Continued. 
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C 

&des 

( j ) Concluded. 

Figure 17. - Continued . 
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(k) M = 2.50; a = 10.8~. 

Figure 17.- Continued. 
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CL 

A deg 
- 

(k) Concluded. 

Figure 17. - Continued . 

111 



112 NACA RM ~ 5 7 ~ 0 1  

C 

CY 

P ,  deg 

( 2 )  M = 2.50; u = 15.'g0. 

Figure 17. - Continued. 
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Rdes 

( 1 ) Concluded. 
. . . . . . . 

Figure 17.- Concluded. 
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Cn 

(a) M = 1.60; a = 0.5'. 

Figure 18.- Effect  of combined deflections  of  aileron and long and short 
spoilers on aerodynamic char,acterist ics i n  s idesl ip .  BS1wvaF. 
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(a) Concluded. 

Figure 18.- Continued. 
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B ,  deg 

(b) M = 1.60; u = 10.gO. 

Figure 18. - Continued. 
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(b) Concluded. 

Figure 18.- Continued. 
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.02 

0 

.02 

Cn 

( c )  M = 1.90; a = 0 . 7 ~ .  

Figure 18. - Continued . 
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(c) Concluded. 

Figure 18. - Continued. 
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.02 

0 

;02 

Cn 

C 
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Figure 18. - Continued. 
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(a) Concluded. 
Figure 18. - Cont hued .  
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Figure 18. - Continued. 
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( e )  Concluded. 

Figure 18. - Continued. 
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Figure 18. - Continued. 
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( f ) Concluded. 

Figure 18. - Continued. 
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Figure 18. - Continued. 
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Figure 18.- Continued. 
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(h) M = 2.50; u = 10.8'. 

Figure 18. - Continued. 
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(h) Concluded. 

Figure 18. - Concluded. 
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(a) M = 1.60. 

Figure 19.- Effect of model-component  breakdown on the variation of the 
s t a t i c   l a t e r a l   s t a b i l i t y  parameters  with  angle o f  attack. 
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Figure 19. - Continued. 
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Figure 19. - Continued. 
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Figure 19. - Concluded. 
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Figure 20.- Effect of missiles on the  variation of t h e   s t a t i c   l a t e r a l  
s t a b i l i t y  parameters  with angle of attack. 
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Figure 20. - Continued. 
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Figure 20.- Concluded. 
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(a) M = 1.60. 

Figure 21.- Effect of horizontal  stabilizer  incidence on the  variation 
of t h e   s t a t i c  lateral s t a b i l i t y  parameters with angle of attack. 
BSlWVHF. 
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Figure 21. - Continued. 
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Figure 21.- Concluded. 
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Figure  22.-.Effect of some of the model rnodifications on the  variation 
of t he   s t a t i c   l a t e ra l   s t ab i l i t y '  parameters  with angle of attack. 
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(b) M = 1.90. 

Figure 22.- Continued. 
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Figure 23.- Effect of speed  brake on the  variation of t h e   s t a t i c   l a t e r a l  
s t a b i l i t y  pasameters  with  angle of attack. 
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(b) M = 1.90. 

Figure 23.  - Continued. 
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Figure 23.- Concluded. 
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(a) M = 1.60. 

Figure 24.- Effect of strakes on the  variation of t h e   s t a t i c   l a t e r a l  sta- 
b i l i t y  parameters  with  angle of attack. 
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Figure 24.- Continued. 
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Figure 24.- Concluded. 
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(a) Drag due to lift; BSIWVKF; it = 0'. 
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(b) D r a g  at zero lift. 

Figme 26. - Variation of drag due to lift and drag at zero lift with 
Mach number. p = 0'. 
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( b )  Stabilizer  effectiveness  at  zero l i f t .  

Figure 27.- Variation of zero- l i f t  drag increment and stabil izer  effec- 
tiveness with Mach number. p = Oo . 
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Figure 28.- Variation of t r i m  l i f t -drag   ra t io ,  l i f t  coefficient, and 
stabilizer incidence  angle  for t r i m  with Mach number. B S l W ;  
p = oo. 
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Figure 29.- Effect  of  model-component  breakdown on the  variation of the 
directional  stability  parameter  with Mach number. 
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Figure 30.- Variation  of lateral control  effectiveness  with  Mach  number. 
BSlWVHF 

NACA - Langley Field, Vd. 
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